Transforming growth factor-beta1 modulates extracellular matrix production, proliferation, and apoptosis of endothelial progenitor cells in tissue-engineering scaffolds.
Valvular endothelial cells and circulating endothelial progenitor cells (EPCs) can undergo apparent phenotypic change from endothelial to mesenchymal cell type. Here we investigated whether EPCs can promote extracellular matrix formation in tissue engineering scaffolds in response to transforming growth factor (TGF)-beta1. Method and Results- Characterized ovine peripheral blood EPCs were seeded onto poly (glycolic acid)/poly (4-hydroxybutyrate) scaffolds for 5 days. After seeding at 2 x 10(6) cells/cm2, scaffolds were incubated for 5 days in a roller bottle, with or without the addition of TGF-beta1. After seeding at 15 x 10(6) cells/cm2, scaffolds were incubated for 10 days in a roller bottle with or without the addition of TGF-beta1 for the first 5 days. Using immunofluorescence and Western blotting, we demonstrated that EPCs initially exhibit an endothelial phenotype (ie, CD31+, von Willebrand factor+, and alpha-smooth muscle actin (SMA)-) and can undergo a phenotypic change toward mesenchymal transformation (ie, CD31+ and alpha-SMA+) in response to TGF-beta1. Scanning electron microscopy and histology revealed enhanced tissue formation in EPC-TGF-beta1 scaffolds. In both the 10- and 15-day experiments, EPC-TGF-beta1 scaffolds exhibited a trend of increased DNA content compared with unstimulated EPC scaffolds. TGF-beta1-mediated endothelial to mesenchymal transformation correlated with enhanced expression of laminin and fibronectin within scaffolds evidenced by Western blotting. Strong expression of tropoelastin was observed in response to TGF-beta1 equal to that in the unstimulated EPC. In the 15-day experiments, TGF-beta1-stimulated scaffolds revealed dramatically enhanced collagen production (types I and III) and incorporated more 5-bromodeoxyuridine and TUNEL staining compared with unstimulated controls. Stimulation of EPC-seeded tissue engineering scaffolds with TGF-beta1 in vitro resulted in a more organized cellular architecture with glycoprotein, collagen, and elastin synthesis, and thus noninvasively isolated EPCs coupled with the pleiotropic actions of TGF-beta1 could offer new strategies to guide tissue formation in engineered cardiac valves.